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.i»j__-ij _iJj_JI «Ijl jjjt *■ Ijj.i.» jii, u * ' £jj_i_ >, "j J - 1 j — " ^ilrijjl jl 

.A^jl Sjjjj^JLi __uJj _ilj_JI plji (jJt oU-JI ■** t/* ^Jj 1 ^ 1 j*-»- 11 «-» L 4-?\} 

^Jj ■**■ » _1 djajjljw 4-JjJlJI - j" II jj&^ 

ji aJjj^j ijjjj-aj 4jL--j i^l i_->i__sJ' iJl* tjj>- Jl_____i 

_fi jl OtJjA* j' *U->jOl _-Lt J r >___Jlj ^jj jiJl J r ->-__Jl i_i LC. >L_0_>L- 

.j^Ul __« -*•>! 0 j j _-* L^pL>- '--jL* ji_ll ___»- 4_i Lc. j^-l j__ -LL_jj 
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28 ^OlSO^lL; SjJjJ i_J jlj <LJ J-* 

37 ?JI*j aJjj ji y>j aJ^r JUpI f ^il oLOj Ja 
Jl ojLp ^Jl oaUail ajLil Ja 

41 V 111 
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57 oLsJLksallj c-J 
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L> tljj jilj Ai>- jgT.»..» ll J?>lJ \ <>"•>■ O jSL..».<.«J 

J^ iy Ji "-^ 1 s-^j* 

» J^JtJ b\ J?r5 ^ t^p^jJl ^Js- j! t^Ua^-! 
^ 4j L« Jju»! ^ Lkjjlju ^jl oLli^dJl (_£ y>-! 

^ j-^j U jJjJl <uJLL j! ^^Lc (jJUl L«j ?aj"L?- 

J** >^l<LJLCl 
JM^- L. ^yjtC. yLjl Ul* J iJjLiJ LJI 
Uj JaJl oJL* cJLS' Ijl <.j50 jJl Jj- Lilyil 
»jj-b£ U jJJ .^jJl ji& jj. Jl Jl AjjI j.k.^^1 
(_£ >>-! J J^ LJ ^ J43 cA^a-Al jj-^j l-b»r 
?<L ys- JSC LjJL»-lJb jjJkS ^_Jl aJLLl uiLiiTLi 
(^JJl L'espace - Temps L>l£»jll dJJ-L Jw-uL'j 
.Coordonnĕes oLJlJ-s-l £j.jL ajJI j^ ojJj»- 
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?OL-jJLi X^>\S~ 5jijI )\ j jL^iL S^»L>- Ljj> o">17 
ojj?-^! ^j^t^-\ ol j.;....Jl jl iSj^* 
Lj-4JlL jl ,j^J>. ^yJl *j _^>-Vl j^Lw» J^->ij o j>p 
. JlyJl IJl* ^ ^lLjj (ILp 
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r r ' • * 

*l j~- Cjj^jJI jS- yLJI LjjI L Ll c4jIJj 

J-JLl-w» 9L4L1 jl l-LS^j^ J>^> <Jl ^ jsrjJL 

? yLJl Ij^J 4^*1^ t^-Ul jA\ jjk Li t J 

L lil UV «Tl^Ll. 1^.1 ^lil Jl OjjjJl jC^ Vl 

LLi cL'LS ^i Ijl _^l L>*^>l j «.IjjJI Jl Lju»rj 

» » _ » 
.^auS (_^l cL>wljj LJli »Lij>ipl L j^.».:.,,» 

^j-i^J Lli c^^lll Jl <b j*Jl ^ L*j£ L I jlj 

ĕjjii>- iJL* jli c jilj .<t-wii ^^^j^l (3r*^" 
^ j c J^J.1 Jt* LyJ V j^f ^lil ^^aj jl ^ 
£a j ?((L^sL)) ^ ^aI^J liLl caJU-I oJla 

J jjpJ.1 J.,.k..JJ c_>Li^l jL I jJJbJ V cdUi 
V ik^ jL-j ^ jUdi ^LJl J<T ^ ^.j^J 
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jS- j a i .. 1 \ y> Jt.oT.i^ 'j>^ y J-L>«J 

aJL-^o (_iUl JLLl Jj dJJo cS^ji 01 Ojo tUJs 
.[ OYI Jj>- Jj 4jLi£ Jss. V L. jjkj] apUj ji 
Jju. .^j-»^! ^r» 4~~Jl> yt> yL-II Jk- ■- tlJ-C* 
.L_jI 5jL*j <up J-Li-I iJljl « t!>lt» j y 
^l Ak>cJJl <_S ^ (J^p _/jIj V yL-II 
jL JsT»,,* aJL» coLj£-\ Jl jP ilaJ-j LjJ J-iji 
Ji j . c£ j j3 J^-^j J-^>- tjck^ill ^ju (( jjL-Jl )) 

Ijlgj (ji>»-i _J>I j^jJ-P 1 ; ■/? i 2jJj ^JkJl «JL* j^SJ jJ-J 

oLjp;, U y-TLUl dUi <~ jjP L^ i jLJ\ 
Jt J^dkl yLJ.1 jl Lc. jjLJI» i_j 

tU-J^I LiwN^Li tJ-^wJl Jj_» J">U- 4— Jlj jj~ 
«JlA Jl 2 jjU-- j . ^*isLLl (Jl j^\J~\ y «LdiLi LjL 

Ljj {.u=*vi jvaii i. ^ji ol-uvi j oiijUii 

.j^jkjj^-j ^JLJl JL»>-I .-jLo 
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Jl is j*ll LJi&UJjt 



tEinstein jjjL^jl (S^ S-<iU-l ^ Ji LJ , 
j\ ^jSH Ji. tai-i&l 6 LiVl Ujj. jyJ ^Jl 2Jj_>Jl 
tl j^Jl i_j jiiJl aJL>- ^gii . jL^L* Jl J5^-i t^-o-iJl 
L ji J^iJl ji^ij jJ*-j toJuJLiJl Ljuli^j. oj^<>t1I 
^j^C tLkiJl jJ^L» 01 2^-j-J Jj tL>U-IJy 

^j^» j j^^~ u i-i^ iSj^J • I '"h - *-*^ j*-^as»<J VI 
LS" t jl£. Jl t L>JI fl0^i-l Jl ^»uJl (^uJaJl 
tljjJl Jl £?r y tJj~J- tJj-LaJl J ji SJL-Jl J*ij 
i^SliJl ^jLc- LjSlLJ. LjpLJI js~ t2isL-o jSy 
.LtjL^» ^ jl j jo tĕjj5"JIl 
^ Li .Ljiw~« LL^ij jVl jj./i"l t^j^J 
Ljj f jJa^u. jl aJU-I oJL* j J>s. ^jl J^Liil 
oiLi-l JLju— I ^ja £-J» L lil tj^ jJl js- jiLJ.1 

^A^Jl LjjULai j 
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\ :.. -a>\ Ss^~+> Lili <.^s\l\ Jl «j jJl Lbjl Ijl 
Js. 4j'L)I jJLJl L^l jj ^i\ l^J6 i&JL±\ 

Jl ĕj jJl jljl jli .4if>Tj jjL4 (^^J Ji J^ 1 

«L4VI jjJo <^Jp k_^>«j iaJU ^JJl (j JaJl (j jlL. 

Ji* 2uJ>_> 5-*-Jjj> ^ j>Vl jL> Ja>-!>LJ 

jjji ilLJl j jS' ^ Jl ^Jjp .|_^jVl 2u*-Jjj> 
yLJl jU to^LA-l l_JLpI ^ tLpL-cil bo y 
t^ j*)U Ajj^SJI 2j>-LJl J ji Ji~Jl Jl JaJail 
^ jl^oT.^I t4>-LiJl J ji JjLJl L_T <oLSOL) 
Uaji ^g—Jl] ĕyljJl Ja^ J jls ^jLp 

. JjVl o J.I ^ ojjL4 (jjJl J jUl J j^ c_j y 
jjSsj JLi t jt... < jLS-L» Jl jl; Ls^ j^il Lil Lc. tjjSJ 
11» J>-b L^-j Jjj^ j_- _^-T jL>-l ^ LJ 
U ^r-S^P ^jLp j t J> j>_JI IJl* jt JbUj . jlSC Jl 
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capj^JL! jJu SjUlc. yt, ct^ibJl jLxil j <jjjj>^ 
Jl to j*Jl Ujjl L> Ijlj .aJLs^I apj^JL SJjLL» 
4P jvj j%p jj^ll ^ oJLj- jJl L£jLx*l jli c^JaLll 
ilj^CJ ^j^-* 1 ^ygj .,^?>»j L»l .tj-jaJl *S-jm jjL»tli 
l~b- L*> jyUj ^jJl a ji^- Vl o-i* y ^j^J J-^^l 
aJL^J^ 0&L~4 Jl tjjJLII t_-5r»-i capj~> j£j 

.4*JaJl ^ I ^ ,1p j) ji V AiLkl 

i)L* c^L^I -bJb>»iJl IJl*. ^ *>Lki j 

OjLjJJ t J.I £vi>6J LaJjjP 1 ^ , -jji ^jp (_£ ^>-l 

JLi! .sl.jgalL 2-$->- jJl j_JJ L^syjj ^JI APj^Jl ^ 

William jyjl fLJj ^_u5Jl ^L^Jl ,iUJl ^ y . 
Cy^Lll o J&\ o L j uJ I jk^ljl cUnruh 
is-jM Jjjj L»JiiP Ljl L*oLL« S—jS^p LvjU- ^s- 
s^.Li* ojl <o»«-jr ^j%«Jl IJl* jli tL» «-(^j 1 
^>-l cJLf Lc.J j .LJ £-Ja>- ^l apj^JI ioLj 
[j*^^-l jl] ^jjJ *jL~-j Lgj ^ 7« ^ 5Jj>/ 
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ojL» ji jij j .[i^L i^a-J? j ] (_£J jajiJI j j^IL L jL~» Jt^ f" 
hjlll cLi V/ l.l Jz^j JHjL~* J^i^LJl i*jUl 

Ui*~> j ■ (_^«— • « j-i/' <^ jv*J L$l& CJ3~i^>- ^Jl 

^J>lll JJSjjJI JI^LJIj Ul i~JL c^jlill JL-ll Js- 

.<£-j^r j JS tjjail is-j^ jjL4 ic£jl—ll jlSiijJl IJL» j^jP 

01 i J ,jl Ji i<u^jLj La^jij ^JLSl 
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^tlljl i3 ja!l LJI&LJ* 



jL-J^I ^'LSJJ ^&r. <^JJI ^j^Jl ^ii 

JSI L_>l t"5lo^ <Ojj Jiaj Js- - iL>J- 

jl\ ii j^t^Jl o j^o — oLal j& jLSCJl jj^» oLu 

aJl* ^LJ LuIp J^jj-ti-o LnJsj jLL* jLL« 

^ .LJU- boJ 5 y jdl JSL- jJL ajL^I ijl >l 
coliJ^I Accĕlĕrateurs £lt~j v*Jl) 

olijjstyl oL» 
Sp^-j.j i jjL aj jjl-5j <Lj?<-j» oljL~a LjpLJ^ — 

jjj LjlSCj». iJ1,.__/>«j_ — e. j-^aJl APjvj _j^» ljl>- 4-j ^4 

^LiJJ SJjL» tul jJU oli 4jjI j>- oUrjj 
^JLc Jc-I j ^j&j tDegrĕ Kelvin jLaJi' jj J^J 

J*^ ^j .[AijJUi l^j, ^ c /3oo )«U 

jAj] Effet Unruh jijj? jylJ i^*-^ ji>^ '^* 
j>p jjL- JSnJ ^»-1 JuJl^- LJ jJLj c[<tjLiiSC< 
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.^L-^L ol >->VI *1 2L»Li.V Sjl^>- 

t( ^jJl Oiij VI 3jl J~\ c-*i"jl LJSo 
^ Oj^Jj" olijjw J->^ ^>-l ^jjL&l OL» clijXA 

J*>U- i>-jj ji-^o-?- <Cjl y- ojjL4 L» lil uLSJl 

oJL«L>- J>l j^ LL«Jj««JL*il jJ ^3-j . oLpL>> *-jaj 
oL»ji*il JjLJ ^jo\ Js\ colj.il ci_-^S'] 

Jj^L- LjJli c^Lil Jl Lj3L-jl Jy^J ^jJI 
llaJ- ^j .Sjl jJ-l iLpjL cLpLj" 

jl js- Jjj L» jjSj t L$. i i oLjji-l j olj-iJl 

cL«Js .^b^isl j 2JUj c^I J-ij LLc J^>tT.mII ^ 
Lg_^J cLL* j> o .«.1 L* L*Lui> ^Jl i>J-l jU 
J,l ^j^t jJl sJLxj^-I J j>- Ijjy» coJi cLJ »»jl2J 
.cj ji-J.1 jliCjJl Jj>-b c^Lil 
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STelĕportation ^La^l ^ 1 JLuu Jrtntlj 

oUJjj:. ^jJl j>p jjLJI ^ij^ o"VI jj „^7;t 
0[ .tiJLA OjJj Lp jJ* j^\ j Cg^JjJl jLi-l 
J.>JL~t oLiU- Jjaij ojj^jJ>l SJl^Lajjl ^LS" jvl 
I jjiS" ^jj^i-J t((Star Treck f j?*Jl "JL^j» 
c4~>j'VI (3 j3 wL.U-1 jl ^l ^jjsjll J^— Jj 
<_£ jS-\ aJT^I Jp jl jj Js- ^liJl JaJuA. 

. J-j^i Ojo 5JL>tj ojjii t.. 1. 57 .1. * jl ^jisL» t j>-l 
j>p ^JI ^ ^jJl \1a ^jij *L.j-aJ1 ^ jLJ 
^jSoT jL5iVl 11* Ol (J^S" JJi Jju <_£ ji- ^ jJl 
. JiSfl Jp L>3 tj_jf J^ Jl j5^Jl 
^Jjj. J^-^j Ij^r W..-; ttl ,/ia\\ jS- J-5li I J-J 
«jjJ "^LiJ (_£ y*^-* Ljb ^JajJcj j $ j-A-j L« 
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Ji JiLJl IJL» Ji«i J-Lpr 4.:.;.:J ^j^J .(j^j^jTj^l 

iJLjL» jjp jJuj 

t[/.20] AjU.1 J oijL* jljJLC. Ja jSU gjj^-l 

t 4jLi^J jo.r.'» JS" Jj>-Ij 01 L5 -* J >. 

*>La9j .^j^t^S^jS^I olji ^ oljLL» JL>- jJ 

Sji j^J? ^^j:. V ^L *li>j»Jl LjJjJ VI toLti ^ 

^LLC JJJjLjU jjP Lo-gjLj iJ^C—S" 'jVl 

« Ju JU ^jip J«jJI t juill jjp o j-v- JLJL j 
t.\ j>p SJLlp Ji Jl L> ISI iL*J» .SjjJl 
y*./i\\ ^g^- 4 ^ ^t^* 1 ^*"-^ c Lg-"jii "LL jJaJLi 
^ I j^jT IjJLp ^jo ./ai" cJLS' jlj tLu-Lil S^jjL; 
^jjjjL» jL jl y^l Jl Jv jiJ Ji LJL» coljjJl 
oLi j5sil J ^jjut aJ jSnj jI ^jJl clJlas JiJl 
l_£jj ^jJu aJ ^waj d'\ tdi-i j jJb l j^- c .. c^jjjJl 
IJjI y i, ^jjo t jLtll J^ ^gip j .U,.q,«." }S\ XS\ 
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t^j^J . I o g »ljJ _J j" ' " * J& LLC _j_;lJJjL__t jjy jlj 

iji *y ^Jl 4W r ..,ll «.LiS/l Oy jjJuM ^..^ ; , »1 ^y) 

^^ip j> all IJLa L$J _iji> ^Jl sJuUll tL&ty _j 

?_u*il 

oUKJl; v__J j ^UJl IJL* j-J__- 
^jjLSOl J_« s -_U> sjL c_«Ij L« tj^ALiil j 
jl V_j Photocopiĕ 01 U^Lc V j^iJl 
Lj-j jSCj jL*j jl JJ tĕj JJl _JJ sji Clonĕ .»■ •„ .. * .. " 
jj'1501 Aj Jl>-_j c^JJl jLSCjJ _,__£• j_C ^ 

•^Sri ^ujyi 

tClonage ^L___-l i^Jisj. Lj_p_j 

Ji tSj-Lil t L&Vl aapU-» j jJb- jL __-"& LJli 

j->u_jVl .l^jl- jUJ^I _h*is\Ji J*--- ^-J 1 

jJW ^ iy-L. t ADN c£_j jJl ^/a-J-l ^ytjrj* 
j» (_jUJl l _yLS' ^jj j5\j LjJ_» u^ - ^- ' * fl j*** 1 
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?^jllj>* J-Jil^.J* 



ol jAJti^» 3_«Li! ^jji LjlLj» Utoj^i jlj ..b-L>- 
jl jjj tLJ j*j? ol jJ—j a-Lc- Jju AjjtLi 
j£\Jl JjlL jUs j^-Jl5 jI yVl j>&>. 

JJ-I O^r^ t^JUaiJl ^ yL*. J">U- f» yJc^ jS\ 
JaAj, ^■ L ... ; . - ^L; ^Jl LT)U-I ^^sa; JJL 

. yi-Jl LLp jllp LjLT LjL-CiJ j L ^piJl L-iLu^^l 
tL">Ui-l aJiA JtJ Lpliii .J-Jasl J>- JLaj 
jL L>-Lc) <LJ jSnJI LtJoSTLi ' I g - ^**- ^jws 
jjL— Jl ^ja «J-Ljl LJLL>- 3l ,/?«.« J^-JLj Ajt-i^l eJL* 
r LUl tUjj-li L^U-I JL Ji Jj ^ 

«•Lj ^«LJ ji n 1 tlJLXA .(JjJ-L^ I (j a .^j: JaLs 
Nano jLill tj^- ^ j->- l^-jT aJ^ ^ji 
t<»Jl£ jSCc J ; i iT .-« ^ tBiosynthĕtiseur 
LvJ ^r. :.»,.;:,.> ^Jl 2^,L-Sfl L^-l jjj^j" SjLpL 



.-bu 



^iUl JUJ^I ^l&l jj5C tUJs 
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Jjs- J-y»SU <LLLL* Aj^. J «Uj jSnj -LpI (^jUl 
JS" 2LP jli j jS^- <b ^5"l Ji i JLi __Jl ^y* ^ jL 
J ">l>- 4<L>0 jjT (_$jJ i^tjdl ^AJl _J <_J jL>-Jl 
(ji J^" J! — * LjU<9 _j Llj I _j-Lj _j .4jL>- oljCi J5" 

JW5j (1)1 Oil-lL» 4^3 jl« j^- I y\ ul) J—J ..J_jJ_^4 

j jl _j£c i«US' o jU_*«_wl J Jj (_$ilil «-^^jJiJl 
JuJL>- ^j» <uL>«j L ^yj^C.j *~! ojLc-L) jtJ 
.[U.J-. J.I aJij»JJl j j£_^] (j j>\ <U_i- 
:> yjjl <> Lo sUj o:>UI oLS' i_i j*j V Ll Lc. t( _vj>lJ 
<L_*I ^^-^&J 4j-L-.JLl^l <LUp jp tjJ-s J^-ij. 
JS" JJJ JJL» __/> Ms-s L—Cc (L*Js . j^l Sa _jJL£ 
^l [^Jl . . jj^j ^jjJ oLjUl 

jjj? L Jo- Jl j^UJl Juil __Jl jil&l Jl J^sj" oi 
js- LfcjL4l ^jji «o jjj» OLS" ^ JUpty 
tki-l jtUi jli cdiJi £«j .«-jjjll J__l Ul* 

. I JL>r o jy£ j J-J , _ <i II f -Lf-_j 
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^jy&>\ ^'Lj^iJl 015" lil n5>t Jl^ 

(_Ju^» jJ L*Jj>-j S-jL,o.iCll <L;.lL ^ii5\j 
jlUl Sj~.j) ^ljSOl ,^lj>iJl OLe J^Lio 
(LSC^^LS" (j~Jj ^lajl jS" <ul iaJ) L>J <_£jjl 
OL ciiiUi* 5j>«^J " SLla* <JL ^ 

3j£LJl <uJjJl JajljJl oLJ-<>P 4jLvS j ^ ^J-^i 

.s^^iJJ <U jSsil oljJJl JpLLJI ^jP 

t^jJJ aJj.IS jJU" V oLkjl jJl aJL*. 01 c JLJ-I j 
Olji-Jl ^ f J-ii toJi £-» j .LaJjLu l-.;.»! 
t^j^Jajl jSCjl (jwLj^jjJl ^jiLkJJl ^L»! j cĕ js 5 ""^ 
j»-Jsj ^j-* LISC* cIjl>- (j\i*L% (jc^tji ^_jLp J j^ajJ-l 
ULjajsJl j>p ^laJl jSCjl Jfl::lL f jJl a jPJJ L« ,j— 'I 
,ljj>- 3^ ; L>«i jJ-j ijl*'! c t** J^ uV"La JjI 01 (j-« j»-P jJL 
ojjjj oL~*-j (jULj^iJl (jJ.LJl 0L» c J*jJL j 
u" -T^ W ^.-^-Wojcek Zurek 
William Wooters j jj j j f LJj j los Alamos 
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UUaMlJ IJlju JiJb iJaJl j&l L<JL<Jl LJ^jJj) 

LJp J^^jl-o <*Jli lllj tPrinceton jji~Jjo 
Lo-^JL*^j j^-kl j .-b jj La5" C(jy« (_J*^ f Lkj 
ĕ-jLpL; £t«_~J 3Jl ^jIp y ji L5" lil LL i(_Sjj*aJl 
jli tiujaJL (jjJdl «UiJJ A-kJl j&l 3JU-I ^liil 
l^LSCjJ 2L-L-Vl cS->Lil Jb-I (jiaiLu^ dJJi 
Propriĕtĕ de SJa^-l i-^l^ jA j VI cA-iiiljSol 
^ijij L5" L« I il eJL* jJaJ ^ .linĕaritĕ 

1 o %~<^ jli tLpL» LL-i jL^?cJ (jcJL»- ^Jjp 

(•LiJl iyt ji t JU-I j .JuSoT Uajt 
(_gjjj t2Ji>- j_p sJ^p L*jLcpL t^t—Jl SJ-o-*j 
j»b L« j ."^>\J~\ oJl* {\J&-\ ^Ap (Jl L^i»- 
i^liJ-l ^jp (^^jJ^JJ jip j jJLj-jiJI 

l^LiLSUl ^ oUj^I ^LJ J_CiJ ^l SjjSjLU 

liJjjjjj jyjj **F->?i OjjIpI JJii cAjaJlj^Jl 

JaJlj&l ;z,.^\ aJU^I Js- jUy. <jLc. 

.Clonage Quantique 
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j jJLj\jL!I i2JL>-'}Ul ol ji~Jl J*^j>-j 

OIS" 131 =LkJl SjII SjL^J V L- J! Ji ji ^ 
4JU-I Ji^ - «Uill jjp Uiii jli t^SoT jjP 
O jjjtll »JUfc JjLj ^ tSilil a JLgJ 4J2JI j5Jl 
. Jj.UiL U^of jCm - j ^ LkJl S^LpIj 

^ JaJljSjl Jidl .ijJ^j lj3 p+ii ^j 
^jip jSjZ> V LjL iJjJJ jt j^il ^j. t 4~jLi jVl 

toLSCSl o-Lgj. <--Li-l Ji« jj>**0 ^i^s^ J^ ^L^«J 
j>P cJi ^JI AJjSfl JujJiJl L)Sf 
LiJ-. toiS JjSH oVjL>Jj oJu» ^SJ .sUaiJl 
oLkjl/Jl Ji r ' Ji^ o^il ^ aJL t JiVl ^Lp 
J^l^ encoder Laj^» ^j L« ^liaJ 4J2JI j5Jl 
iPju^j utJJji Jjl; J S:;t ,^ ^Jl Photons oLi jj jjiJl 
iJL*. j ^,t,:,.x tdJJ-i £■» 51 jl j-C.j j-Ja.ll 
5JLojJ| aJjk Va£ iLjajj t jJaJl SjJ-j^. 

t^jJij j»LkJi jt^u ^JJi ^Ljy&^ tj^-i 
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reUdlj IXm JjUU SJul j&I tSii&Lll U^Jjjt 
Station 31.3t.*.11 sJa*J»l *JLj o^U-L; « ._, 



. Rĕceptrice 
jL t^ijbJL» J-Cij SiJbLl «Lj^l _j 

jJL> l :.'>,,■»- jJ jj£CdJ jJ^J.1 oLiLSC^^I 
j>p JaJI jLi tdJJi J^^o L5L>- LJ ^o..,~," V L$jl 

tt j-JaJl SjPji^uj t jA Ltt5" (^j^l ^i^"^ ttLjajJl 
. J-*Jl J,.a.:.„...tl ^ j j,,^:ll (j^J? jJ-j 
Roger j jjL >r j j jUajjJl ^L. j-jiJl ^ 13 Jij 

jj-^aJ t^jJl Penrose 

^jiij tt_-5"l j^Jl ^ju Cj!>L?-j jUs| ^ t£*J jil 

Jju t^j jAJl ^ jliT lil L. ii j*j> J y- JlyJl 
^A\ J^Sfl aJl jl jl aJl jl iis^-Jl jL4i 
Li r b. jb-i ^i tJbLl jl_T L^LTj .^jSri 
4_><___j t^tj jiL; 3_j_p ^ aJ_ jP J-lp (^iJj ->l 
LSCjISCJ.1 (*J_L"j #( _,_» jS[l (_Jj=- J y>& (_jj»j 
Euthanasie jJl o jil li^J I jjy. 4J_Jl j_CJl 
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js ji^j t[j»Ji ^iip yu o j£j ji ^j^ii c$-jJi] 
ji£ -bu t^j^i <iy g^. J-^i J y^ 1 ^ 

3jjjv2JL) £-Ja>- Jl5 j jSL^*p t^tjjil (^ji-P- J-*-^l 

. <ulajl j50l aJL?- ^ jju tL« «' ( ^> , (j^W^! 
t ^^kjl j50l J.i.::ll 4,„ja.-all \J\ j jjl o JL* U jjv j 
s^jJl jl '^j- 4 ^' j^ jtf-M.ll 1-bJ^r I j$*j> 

.^Jajlj&l <u^j J^-b J -jl j^jr (^jLLI 

. » J J* 

aJjLtll <u jJjtll oJla j y>u ^JnS <_3 y«j jl llajjSi 

• >-Jl J^U 
J^ t JiVl ^jLp LJJwo UipIWt.vL; jli c IJlSCjes 
jjJJI >SfL. Ukil <u ji*il JLe JJUJ-I aJLCi 
j 153,1 -bJ^r j^. Copiĕs j f 

fVjJ» j*-V" J (jiiill jL»jJl J 

ibLpl cJLS" L. bl tj^ j5J -LpI ,jjJJl j| yVl 
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Sjalj ^ya Ij ji I jJjLjl jt-gjL '^j-* jJ^ "^L* ,ji j^Jl 

.jl^L^I Jl 
Uj L3J.P i_3 j»t:,m ^Jl L?r jJ jJ>JJl cJlS" jli 
cayLjJS' J_£P ^ s^j^-j^ ciLiil OjjiJl ^ 
3_>J_« ^ iJajl jS' <^-J jl_4l jj^-oil ^j- 4 ji^J 

Aj j%-sJl < 5LJVl jS- LgJLiJ j LjJ j^ ^Li oUi_L cjvk 

jJ isfX. ^l jSI ^ JLo^I j^j 
j L$_j j_xJ ĕoLc-L Lf c^t^Jl oLI j?rj 

^jUjr.^jJl j>p yL»J L$Lt>- (JULj 4jL>-V 2L>- ja 

.L. 
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CAjl^ jj Lui ^JUl ^l jSOl JUl 

^j-Jj J^..1t....J,1 4jLj o^LpIj t-^p^^ ^ 

\j>y>s- LjIj Jii tjJJi ^jp "}Liij .^»Lll 

J-Lj C4jlijv2J ^ i-Jjyi-aj C— llj *jl ^j* 

t^J»lil Jj jj£ LLCaL jlS" ISli .L« LpjJ ajaiLuu 
Ljajl j tU j\P ^jj j>-l ciJJJ^' j jli 
^L. Jl SjjjJI J i-PjJl ^ .dJJ-i; (LiJl ^ 

L*Ju y ^lSl 4j 4,.^<Ll« j-Lj JSJiji j JLp- j 

c t jjl.:..,».ul <_£jj a,..»:ll 3j ^lii jli tjJJi £-« j 
t^^jl j jL^iL Ll jjj j-Lj L. ^Js- LJLp ^ j^SJ 
Dan y ' j^ J^i ^y» «LLsitJ.1 c_jI jj^L 4_g—-i 
OjijyJ* 01 ji» AjjjJa— Sfl a^jIjj J* Simmons 
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p yi\ jj> Ji_)l ^li :(1989) Hypĕrion 

i_j|jj.Vl {j* aSL-j tbj /r c4jjj_sljy/>U ojJjuII 
Jl jILp j> Ijji jjJ-\-> -t~--J c((Distrans )) 
IJL* ju 2i">U h\ ij j V c JjVl a!*jJJj .^-T 

jjjL J^jJi^ ,11*11 _ J ____'I UTj c4jLj_J-I 
OiJLi-l ^jjJL* jli cOjJI^ ja _JJo Kip Thorne 
jIljJl IJL* <>L__*I Jii _j .(Jjjj J^-^j. jL-ul j_> 

j yUl oLlJLJ ___j ljf _i cOjjjTJlil ilLJkLi 

Karl jli-L- JjLS" aJL»j <ll» t_.ll? Ljuc- c^^Jslil 

W ..-. " ^ tj-^j ty^Ji* ^ Sagan 
^L^jiJl jyl ji cjLS" I jl L jl y\ cS.;.J.«Jl LLjaJLll 
jb L*jj-^2j ^Jl _JJ_j i_jI jjI ^Lj 

"}_> I g";"^ jLlS^I *-^ JL ! C^~^- '— ■ 1 l"* 0 . C jj Jrtj;." 

L*J i«_4 <_j _i J jjbL i_jf jS' Jl tl^jt^L) 
i_j jiiJl jLi \j>A> ^Jju Ojys l_~S' jL5"j .Vega 
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J^-io iiLojj- jL>l ^t- ojLp ^Jl ub j-Jl 

.4JUJJ0 0 yS olcljJl O-U^- l jlSJ. Jl oLl."V 

tLiVl oJL* JLjc-J ,jSJJJ ^ j jSw» J^* 
^jLp Jar*J ji ^Jl tLiVl y L* j>p jf 4jjI.«,.,.JI 
gjJJl oiLi-l ^Jl S LJ t-U, UL; 

?4liJ- ^ UJ Jl 



JLp ojjiJl ^...mtC; jl L. LjL tjJUj jl LJLp_j 
Jl L^j- 015" )- jlSJ. _JJ «^Uu"» ^ j 
((ol jj.V» jl 3 juaii liJJLJ l;«„^;. jl tL Jb- 
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S^L»Jl a,,.,.,..;!! LJ ^Jjj (_-L$Jt-l ^«j>- ^ 
.((<_>l jj.Vb) aJL* ^waJ 4jjjj-_Jl oL jSCll 
^Jl Jjj_~jj f l-b>_J iJU_Jl IJLjj ^_5nj j 

(Jr" -"-*J .(jJ^Lll «I j_*<_". j—OjJl 4_-J_* Jaj y 

JU* John Wheeler Jjj 0 j-t J^.j*^ J^.j^ 
«iojjJl t— 1 jill» _) <_jI jj Vl aJLa Lco jl 1 1960 * 
L* yL£ ^Jl Jl_SfL L$J L g .,.i." tWorm holes 
.^j^l ^L ^ _< j->_J Ol-bjJl 
^LLs ^aJIJ-I a-L* ^ l:g.->-l jj 3iu_jca ^-jSO 
Juu <__i <_jL5I ^j» (j* ji— «il ^-jSs—i 

t_jli «._Jl jvsLlp j j^j jl tsjLi^l 
LjJl4 tl:W.«& ^ Ljj ^SdL. ^Jl J_sJli .aJL. aJ-T 
^j^I ^ j..a---o jLiJl jA L_T tL* j?-_ 
jr* jrb .Lgj>_2_o ^J^p ^Lt L_~4 ^Jl 

lil j-«i 57 «Llic. ^ ^Jl <_jLJ1 ^ ^jjJ-l 
jl <__*rj t-JJjJ .J_Si a-iU^I J-CA J~«_J LS" 
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i ^iL-il ^\ j>-\j -^».— " 2-j j& S-L* ^Js- ji j~j 

iS JJl iS^ J * 5t.tt UL* jL>-l ^ 

jj-b J jj*L« jS" aLs^L; ^jjs jS^ Lijw I _y? jC*j 
t jVI J^- Jl t^-^i I" tkJ^SLS J .Li-i J j^- 

jLi ^Jjij LS" jlj iL yjl 8-Lil dJufc Ajaj-*)U ^ 
8-Lil «1* Ji« ^«Jb aJLL» UaJl jSCjl l-Cjl5CJ.I 
^-Ip o oL_5\j t^J-Jl SJLkJl 2iLiSCjl ol- 

.jiSri 

t jjji» k_--S* 2jCj\p 2j jju-JI oJlA JjJ jIj 
J-o-iJ ctLJjJl ijjt^a 4s- jm^- our. ^Li (_;JiJl 
Igor i-3 j^^y j ^j J\ ^Ljj^aJI jiUJl 

(^A 1 j/^M g^J^ Novikov 
^j jL> ajmL^ John Friedman jU-b i j j^- 
^iJ jl ^jSCj:. ^Jl j^3 5—1 jJj cMilwaukee 

. OLSO^Jl J^-l-i AjpjjJl i_J jiill oJlA - j ^jP 

j^ (ju_^L<j| js^gj LjL50L)j 



32 



LU UsU^S"! jji Ll L_*Vjl .i-JjjJl aJU- 
Jl j>P yL- aJTjL^ JU*iJ Lpj-. 
c ^V jl_C ^ ^ jjiJl JUiVl 0\ jLloI ^Ip 
^Ijj^I Jli Ui-gJ j >f .j*_-Jl 
J-nJ-j tj-» jJl j>t ^LJl oVI j jjJl i_j jiiJl j 
t4«,,Ml ji cSJliJl 5j»r,:;ll L.I .lJ_»lj I ' ,., . 
.3 jJL ^jLSj Lpl Jj tij jg V ci_jL-^J 

ti_jLll JL_i Jj Lp_x_» ^ *LJl _>l j^ < J jJ I » 

4Pj-H Ji:;Jl) (^ijjjl i_.,.:ll LjJ 
jJuj ^_Jl 4j__»JJl j cJu-LLP jJ-Jl 4— - j\*u 4^.i») 
J>.ll7 JjLsu jiiJl ^ LLlSC. ^-Jl <_jLJ| 4_>_i U 
SJV (_>-L-Jl £>-j j j_nj cLJIi o jj^-Vl -J-* 

L$J ^_dl -_wLi-l 4j_->jjl ^_ii $ a U SjL^, 

^ jL jlSJ^L 

(Ji~~- jL> * j-iaS' jl -_$' -L-__>- o jl j*- Jj*jL jjx*. 

iL* jjU-ii j j& jl LJp c<jSJ .*L__iJl JL-pI ^ 
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^>-jL>- Js ^y» L__l tjJaJl y. 01 (j^-oJ-l ^j-»-* 
Lji yc-J ^Jl i.-ai 4_->jJl a-J.1 (■?_/»■"•". 01 j 

a jl?-Vl aJ-* C~«l.i L tt-jLll jS- <_<jLJJj t. jJaJl 
<_£ Jj ilai' JjLJL; tL-^s ji ^ .o.. . J 
>JL_ 01 4~Cr„ «• jJaJl 01 (^Ju Ijjbj . „ j-JaJl 4j?j^o 

jjJUl Jj-» (j>» LJIj ^J»r ,,r?T_l .ijJ«J Olj ol-L« 

l£jjj»J|j ^jL&l j^j^-^aJl l-L* Jj.Lkuj .Laser 
OLS" L-ajT j c jJaJl Sjp-j^o (jLLJ JS" 01 jLjIpI ^jip] 
_ j>>J.L. c-jLtJl Ja?-*>LJJ 3~_JL. 4_L~-> J jJ? 
_L_ jjU AiLkJJ ^SLgj^ \jS jji JiJ jj* 
AjjjjvaJl 4_JLJl aJ-T-CJI _>jl y> jy>-£ ^jic- J <.■■■_.-' 
jLsjjiJl aJVI (^i^ dJJJb .<_p j-Jl 5tTt *LJ 

j__jl_j_j_Jl „_J_pI (_$lj ^j^Jj Lbjl L- lilj 

jj*_l J 0 j ji» S— ^ s J*r' C$-^J' J-*-*^' (_/" jwa^«-i 

jl J jiJl -L-$J jjjJLpL-J.1 j (_s j-C_i jj 
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jjLJJ OjjyMJ ^jji^Jl 

j jjJl ^ LiCc Ljl (j^lj^il ^ji^- j I j^l 

JaJl 01» iaJLJ! JJ-jCJL j O yJl a-liL 
JiSj .JUii^l ^ IJJ 01 U aJVI jy-li Lj— 
Stephen jLLi- jLkijJl ^L.^ 1 f^ 

ap-L ^jJl j>p ji~Jl aJ! 0 j-Cj ^Jiiil tHawking 

t^j-J _JJj v_iiS" L_$-« L$Ij jLtf- ials ytj 

AjU^-I iJ jle» aLco I JL* (j-w? ^>fcjJl aJl* 4pL*aj 

4Pj_C ^j-ajJl O^l 01 .((i^jljjjj&l 

. L*JL_J-j JjL>«J L«JLlp Ljjij LJIj jJ»JL"i«* j_^*j 
?a jj5" JJ.1 y> . J! o^LLjJ Ijl* Jj* i0i!j 
<_y jiiJJ iLcJl 2Lj jLi-l cu^fc<-^ jJ ^j^- j 
0!jn1L| oLI jJl Jj.^-»-i ^>-l ^JiSsJj <.lj j_Jl 
tLc.j aJLa- jJl j aj_«Jj aljty aJ-* 01 IJbj OUjJl j 
^ J,f _]L* ^Lji jJl j^ yLjl ^ £i 

^ jSTjjl LJp jyCj cUJj AjU-pAJ ?I-L* J_J_£ 



35 



JlJ-l ^£ J Sl»j £j>ll JI>JI Jl 
. yLJl IJLa Ji« j^- J^rbJl oLklLuJlj jb&j 
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9 JLju Jdjj (*J ^Aj 

ji Jl ^JUJl jLi-l l-jLS' UL L. LJIp 
j^jjl j>p j»L~» oui^o : JUl 4-i*jJl aS jLiil 
te:>">L« jLi a^uj aJU- ^ Jl jjj«j j ^L'LJl «uJ^L. 
^jSsj Jji-I jL jJLJl S JL«j j eJj*^ ^iiL 
yLJ.1 IJLJ j^SJ: ^JuS" tj£S . Jju «bl Jjjj Jj 
J^ « J 

eljjl >b L. cJjtjj 01 j^jJl j>p 

* e t- t 1 

.Ju ^/aiLJ UL$i ?VLilsl Lj>o 01 <_£ ^Ls tJLSlJ 
oj j*Jl ^.U:...; V ^ jJl j>e- yLJ.1 ji ^ 2b>_iJl j 
.»Jbr jLji^ djjJl Jl L*j 
i jJU L. ^Js- L»Lf SijLL. W> jJl o-.b L. j 
^>Lll Jl yL-Jl «> jjjjL. jLj^-I j jj5p JL» j jU JJii 
j j ji» 5j ^jLp jl JLj ,^Ja j^Jii! *>L.U-j LjaiLl* 
il tipjwiil 3j>t_2Jl eJjfc J_lp i_ii ji ^Jj 4jJpL~» j 
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JLL» ^ja IJuajJ JSI (»L_J 2— \ji ^Js- t^jA J~P 
oJL* ^ jJLj _JJi .Mj 4_xJ t4jJL_>-j JJLI 

. oji^-iJl oL—aLJl 

oLlJL_)I ^r*"ljl ^ Oj 1 £_j 1 *' 

jlijjP jAj t^jJL»"^ jl>-I oJ^L-jt.j ^JsLll j jiJl 
2—1 jj ^ Gunnar Klinkhammer j^y^sJS 

^j.* .h~~< jJjLUJJ ^ J^sLj_j tlJL>- ^UaJ 

ij^u-jjLwol ijijLiLp oLJ— 51 jyju^ .oJL>-lj 0 ^5"j uit^ 
jl ^js jj^» tlJ— — * • <j-"jJt j— — Jl "—Ijj 
^ j±Z L«jL» J jVl s—.Stll ^JJ LJup jLJJI 0 
. J j^l v_-_Jl Lpr jJj JJ SJlj tJ.LtJl s_JiJl ^ 
l^. ^il j^jJl J-^-Jl *» j^jL. _iSji j 

J_J .Jbl JiCio _^Vl jJ .4— ■ L~ 4jLj*i_J.I 

0 j^sjl jL) jLLJl Sjjli» "l_Jl>- ^yS J ,,f-?^Q Lv9j"jl 

JjVl v_-l_l Lpr jJj JJ JliJl v_-_Jl ^ _r 
jLLJl 0 ^JS" jL Uajl l_>j"il tĕjj^aJl ^Lc^j .^L) 
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iJuujJji^ jtj tilpr jL&le jil Ol&U JJt 

L.JUP 

c^j^J ^SJaiLi* 2JU-I aJL* jJj JLS .J,LtJl 

ilaj ^vJLA oLmSJ (^'J jr* L^lc L« ISI 
U jCjC»- 2L«l*Jl 2,...,»Jl jli c^ijjJl u.,fl:IJ 2uAvs j 
a jL JjJJ L»Jup AijLiil j$k"j . 3J ^j-a» 
^Jj jl JJ J,Li!l L-.-a.tJl ja C~?r >- J->jW 
4^j^L APjw ^ L$J! JL; C->jJivf I Ji c Jj^ i--a,:Jl 
^JsLll ^Li-l L»jL~« c-iijL» tibJ^ 2^>- 
^LkJl ji LJi. j . J j^l i_.-a.tJl £jJj (jJ^ c.-«~.:.«l j 
jli _JJi-' <X*~j> jJl J-i*j" jP uL)l -1>«JJ J-o*ll 
^Jl t jiJLtllj jijUJl i £ 2_j_ja jj 2uLrJl aIsL-JI 
Ji c^sLll j-» Jl j>c- 2J_ yi.i.JL; c.».~"l 
^ | _ r a.L->«Jl ^jSCc «juSsi .2ijLL« J^l L__- c-ol 
L$J *^-C oLju> j J_4 jt j^. t H ?o jl^^l «JJ> 
.(Ji jjJl ^_J_Jl ^ jJj j-« J^*i I g . ...aj j_jUJl a ^5T 
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aJL» Lj-i ^jSUjj" t<_£ J jJj>- Jj>- jj t^JjLSJkL; 

Ujw^ ajuLi* ^ ci i.ll Ljjp-jJj tĕ jS\Jl 

AjLysty j^-Jl J U...ai 2_£>- ji! Uc-LjL jJJi j 
4jL Jaij 1 g . - a ;; 01 L$jlS\*«L t*>U« . Ljjli 

jl j ^/aSLj j jJj Ujwy • £J.Lj c— j>- tLLp Jil 

iJL* .<_£.> jjJl i itil j>o Lji^j>- j JjLiiLl 4^.L^J| 

US" tJjjjJl J jJJ-l ajU; ^ L. aJLLLI 
LjJ jCjJ ^yJl AJaJl jSOl lSsJlSsJ>l OLiJl 

j jis j j-$-*r (*-^J_} • J-*-^ ^* 4 ji*' (j^W^' 

43 jUil oUa jJl ^jP ^j-iSsJJ ii jJLil AjJjC-U^4 j 

^jSnj: oUsj (j\ U^j ^ IJj^j |I U^Jli t">Ui 
.JJJL: aJL Jai J^. jf LjJ ojjUl ii jLUJJ 
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t^&tj* jjljj CJi\* ^Jl ijUatl iJtllJ* 



^ (l) aAL^3\ S.iUJl Ja 

^ jtS"! ^JJLJL; O^Ljail 0.jLil ^ j g '" ' LJ ^.a 

.5 y&UaJl AjlijUi j (^^Lll Cj*^ 1 J >p j*"'^ $'* 
j^iJl ja oLij^LiJl Jl oj j*Jl 0VI ^>yj 
J jl Paul Dirac iJl Jjj olS" jlS* ^j^l 
oT^. jLLp j^-jj (^jlil LdLp JjLL. (jL iJj^l j-. 
cIjjka .o^Ljail o^Lil jLLp jjbj Monde miroir 

.19° 

anti - jjj^^ jU- aLLL jjjoJ^I jli 
^r^-lajj .positron t>jj5}jJl< (* jJl ^5*— «i ĕlectron 
Ij U~i AjL^ JJ aLljI j50l Aj.^lkJl ^ j^Sfl iJi* 



L^ ^Ji oLi^i ^ Matiĕre "lU ^JlS" lii (i) 
ojLJ^ri anti— matiĕre SjLaii 5aHl OL» ctL-iVl 

JjLioi" Ojyj_^Jl jLl«] . 5jL>*_iJl ij y... • ^Js- L_J iLUll 
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jL» tdJUi Jaa-V j* iJljJi jjS" ^ (^jtaj 
John jJ>jj jjJ>r Oi^! _/*Vl ui-jUjjiJl tjJ>L*Jl 

tRichard Feynman jLwi jjLijjjj Wheeler 
Jj^ta j-Lj jjyjjJl jL> jlJLUl Lj* 

t^-Jsbjoj j^jCJI JL>J.I J j^- ^JaJl j£Jl Sj _JijJl 

£ jjJail j -gr^Lll Jl J^*Ip j jj^l ^.Ltr. 

^ jljjjai jjj^J^lj jjjJjjjJl jlS" Ijl : ja 
jij~> OjJ&}y\ jLi ^ g i_ji-SCi t4— jiJ fLkiJl 
jl (jy- ^J» tUjjJ t^JJl 4— Jl> ^jJI ^Jjw ^jLt 
^jUji J^a ^ yji aJU^j Jj^rjll jjyjjJl 
jl t 2Lj iUL| >j jU,l ^ to sCJj ^ ^SJ ? J jSU 
«Jjt jV c^j-^jJJ jLjiil jlJijb ^jIjU; i_iuS' j»-gjij 
.(jyiJbji ^jyLSs» jLj^^I uy«J. Jj>-Ij L» ULe- 5j jJaJl 

u"J° <-CAJ^ d ^ Cf ^W^-Jl >ljl J 
Brandon jjJJl jj jUajj-Jl ^Lj^jLJI iL*Jl 
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r^Mj* jtljl CJil* ^Sl SjUII tJlIIJjt 



J jJL4-l iCambridge £ Jj jy^i Carter 
Roy Kerr jS <£ jj jUiL^Jl jliUJl L^i-u-Tl 
_^ olj_* /wu tEzra Newman Lr"J^ ' jj^J 
f-£j>r jju. oliLliS'VI oJ-* JloJ . JJ 

jio ^ tSu j jj&y^ JjT 

aJL j^So"! 4_x-iJl j SJb5vJl __jjU_»- _,~jij _JJ_c 
jljjjjl 4ff ^?- jUal^-L _J& j] ^J-I 5j_>«JJl j 

AjjjStyl» IJl* jl jJjLT _b-V> .[^ijJi 

___I___J-1 _^ 4Pj-_4 tiLU «ij—Vl t_ — 5±Jl 
tl .3,3-»- :> j—^l i_~— Jl c3-pr _r» .4__*jJl 

cJULc V fb Uj tyj.i jjJl o* L)-' Jj 

_mj _Jp j j^J tNon - retour iz jp">L! *___• ^t 
<L^>- (j^a . _*j jL4- LJjU- U lil L$S ji j^J— LjL 
j jj^J>U (^J^-lJJl jljjjJl y- J<* jZ> <■£ 
^'.«Jjj^J^IlS^j-JI ^^I))_Jp jv-Ul JiCi 
^j^-JsLiil Jjj-I jt jj» j t j^T__-*-L. iJL* 
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Jas-^lll y> tAjljjO j \ Ij-* *>*il (jjjJl 

<_£ jJl ^^JwLiil JlJ-1 

.[4-jjL£-L> jiP] 

Jl £>■ ji tdii 0 j^b SjI y> jiS^/l 01 -Lj 
J^-b J-.JL..JI JU- jjLUI jJ-Ul J«»}U» j ^S" 
Ujj^SOl aJ J tjU oLSsjT. 4^iJ j_»«^ t 2jUji-l 
Lbj J^o i ^IS" jl c^Uil £.] jj^j^ Ji 
<_-iiJl 3_?w> o*>Lp jli tJ*iJL)j .[jJaiJJl «Jut. 

Jju il^>~%> lJ ja aj^ii ^jjjJi 
oJL>»j ^ tJjLilL; .aaJJ-I jS- ji^^l ^ Jl* j_jj-« 
ja 2iJji-l J jljjjJL. ^giiSl L. lil j_JJ (^l 
jlS" (j jJl 1^%. jli tiJJi ^ SUai .^rjLi-l 

j^p Sjjj- 4 J-^ "jj j -1 j_*"^ ^H^^" J*^! ^ J .-* J ^-"- 4 
- jtSl ^Liil ^S/lj .LgiJ Jjw* tAlJJ-l 
SjUail olil Li jvjp1 L. lil ,__JJ OS" j jSC J ajSOj 
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js- yLJl jl jjb - ^«Ul (J,i oJJLp o^L» ((*>Ui)) 
t-bjj L5" j*JL Lks-^U. ^a-^. t jLdl jL&l 
t jliJ.1 IJl* JLojc^L (^jJsLll ^ oj^ Jjuj Jl 
.j-.tJ.JI AiLyijiL<jJ 
Ji jJjLT 2-Jjj jl J jiJl J,l SjjtL^j L~Jj 
_j* jjiSCJL Ls^jI (j^J t^LoJjk^l jjj» ^ jij o.l;i»T.«l 
AiPj^jij L)jjj> s-^ JL»^' (j^J .dLrJl 
LLp t jjjL?" JLpI ^ L ^iJ ^jij^ -^. VI 
jjS' ^ jLf iJljjT Jj'LJl (^t Jl jt 

tiiJJ-l jj^ J^U AiLiiTl f g;jJl jLJl jL<11 
(j^i^ 3Jl50lj gravitĕ rĕpulsive oJj«J.I <cjjL>«j, 
M VI _>u (I .ojLUl _y ^ Jl ^ >Jl 

<UP i_Jj-iS\Jl *»JjS- (jyCj tiiJJJJ . 4J j^>:\\ ^Jo j^p 

CjJI ^JUJI JU-1 jj* IJlaj .3L_Cll JjL- jJI JSO 
t_jLJj jlJLI ^Ijj^I ja JL tjwl j JLk; JLp 
<( j-» Jl j>p jjLJL SiJjull oLijLiil 
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cUJs 

J\j jlJj^^i^ c JS^I J* IjJ^S ol jj& 
OL Lj ji> ^j^Jljj-i!! ^yn^ JuLl*jj caJU^* 4_jil>- 

3 ii, i»;ll ^ : o ,.^> ^jii c ^,-; j-g-* Jl L»l .LJkju 
jSd jli ^J/jtS. (^jJl <_£ jL-Jl I.Lj» Jl4 toUJl 
Ol jl , ,■ * ^-Jj LjJli iOIS" UjLS" 2j,aUl *Ui^l 
Ji>- j^i\ 4j j^- L$J ijjo L»Jup cSJjLa^» 
^LoUr Jj-,Jb>JJ cjLJL JUf Vj ioiUrl 
. JiSfl L yUi anti-gravitĕ ĕ^Ua^ 
^Jl ĕJUi.1 ^LjiULl «Jl* j-» Oil ĕJuLLll L. 
^jij^ll t JLJI jl£il ^ JUuJl JU-Jl LJ L* ^ 
j } ji\ J* Alice <VJ Jiu ^IS Ji^ Ji ^ 

i-— «l5 >-Vl ^Jrl jy>)) UJL- ^jJl j 1 1865 ii- 

. JjSUa^u" jUJI U jjiu ^Jl *jJ_)_JI tl872 
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^tll^ jjljl CJilt-^l^ iiLall iilllj» 




lL-s- 1 1998 ^ -L* dJJij ^y-J 1 
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aLjkJl oliLJJ j>p oJL*-il -LoUrl JjuL LpLJI 
^Jl [iJjJaJl J^L-Jl Oa"^-* oliiT.o jJLiil ] 
.1 $.Ip i-3 ycJL. 5ajt .,?-ll Jwsl J.I U 
L» 4jl j»-Pj ■ /»*<■- i_JU<3jJ ^LiSl OVI --jjIj 

iSJl-dl o jUL| jilJ J-L t LJL>- VjJL. JIjj 
_/--ljl t jjjLS" OjJLil y. i_iLiiS'l 0L4I ^j^ij jwj 
/»JuU ^l j j.mII i_j jiJl ,_^2*4 . ^jjslil l) jjiJl oImim» 

L^IJb-t"-*)! JLs- JJ j ■.'»» cJ.»./?j ^jP 4jLt»l 

^ t^j» Jl 0L4I t_Ji L^*pll?:.vLi 4-j.JL..» olSliaJ 

j j-«Vl i itll ^jisLu ,_^a«J. Oyj l''l! jl J-"*l J^M 

iIJLSCa .«ergosphĕre a i_Jfc)l .!---*£)) oU-Jl 

1 1 all 0 jjbLts j^-^jaj ^J-C- 4jjjjJl i_j jiiJl J-o-*j 

tlJL--- 4j jiJl Jwsl J.I Ji» jjJj .oJlA Jl 

_S >Vl M--* « J^ J 11 ^^->l j^i V 

J^b 4jjiiil Ljj" jj^ jljjl Jj .ijLU-l _y 

jjt. OjyjjJl jjSL*- ^^L-il lJ-f>j] t(_r-Jl 
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t^&lj* jJlJi Mte^l^ iiUall iJlllJ» 

JaiJl C /** J . ^ j*"^ ,/?"Jl jj5\jj • j^S'1 L\» ^-i^i 
Jl c_j yl «-j^j-iJl jJl ji^j iLaLi<V 

,«^*S1 jJl» j t-b- ^^«aSl 
c_j jiiJl)) JL>- ^ tUL_p ^J^srT.^ll ^j» jJuj j 

jf _5ij-i tyjlS' l$— j- ^Ji «aj _jj^^i jjJi 

' • ° 

L*5lj -jj>- j» jjp anti - particule -L2all j>-1 

«Jjj^ <_5 y» 2ULLJ-I ^ l5 y V LjLj tiJLa 

4jjj j^ii ^> to-L?- jj» SJajLi J^-ta j-Ji' jil 

dJUbJ 5-Lk> iL/>U Jt>U- ^jj. Ljj ala^l J^Jl 

.ljl^^ii 

J^*J cj^l IJl* j3I J*>U- jj. t L-Jl t^jSCJ 
^ r ^J ?L>U ^ jtSl JTLtll ^ 
c^-T IIp ^ jl jj-l L>^ L lil Luj 

?LujJ Jb Lj j£ju> ,j-»jJl »L4l <ui jj5\j 
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?j4 j3l j* jLJl LJdijA 



H(jMjSi»A {ytj jUal 

Larry Schulman Oli c£ jV ___Jxj j>Vl ^J\jyJA\ 
ci^L 2JL^ Klarkson j j^Sj^S a*^L>- 
2ulif.yfc jb' jilpj LdLp (jy JjpLLJI <LjL$dl J _p- 
. Ll»jJ ^j-S^Lito 0L4I ^ A^jtj tj, y^i t^-~»<j tol y 
IJ4J v-L-Sfl ilSLill 4J JL^J JU-LJ 
jj— J4 ^l jj .,r?;;Jj S3»,,M1 ^Uail jl jJ-l 
j^asI (J,l jiJl ^Sj^y» S-iLi j»LI ^ Jjs-Lj 
oL>*i j .^"j/I jiLJl ^j) cjwb»»j L jj-ULU j Jj>~ 
J$ jLSsJ <_j jJjL» JajyA j»^J tjj^lj^ 

.jjTill >VI jiLJl «Jjy fljik^V 

^•Vl jLf jlj t^S^I^ jJU4jLSC^.Vj50 
jL VI (^JLp jl JcJjJl jUail cLijLLi 
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wj^" cyj J J-^- ^ J £>-^+i L» 

iijlJb-ty Ji 4 LjIj ^JJl Jajj^iJl jLi ijLJLj 
jUail Llp j iJlgJ j!xa-» JS\-1«j ^jJI jJl 
i.Ldl jL*-ij jj-*-"-" LJ-lp LiJ lL--=>*j t^jj a~L» 

4jiSw< ^l«i j jSC^ cj-^j^ti^ ^ji 4jjL^Jb ^-Vi 

^ £*^JL^ j}\ oW ^>- t VI Uajf jl j^Jl 

yLuJl ^j-^o jLiJl jj> LoiTj c^jSCJ .LjjjLii 

Ll jJlj (.Jji-I jLjiL o Ji (^iJl 'J- 4 ^ J>^ 

LjJI j LipLWi^L Jgi . JjJj>- jj-» aSjLL» 4j>-I jJ 

jl ?ULIj jl j^ >Ljws j ^jP 1.1,. * j»">Lp^l 

aSj ■.'^"^ Lj^-^ii (j^LSCJ L.-^Cp jL«1I JajjsiJl 
aJu> J) jjLdl tlj^-Vl JS' j^j^iJ ^jiCl ^SjU- 
^ip j^aal jjj - JpLL" Jil ^L-j. ^jJl i*JbU 
^jJt ?i_~> jiJl ^l 11* j»JL* ^ - L j^. -l~.*>L. 
£-4 L jjL^ ^j^J L. ISI f»J-gU ^ jJl L*^ Jo j*j 

? >VI ,ILJ| 
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caSjLL» ajI _L>- jJ V c^aJLj LjI j>- 0 j^-*" 
aJ^jij L»LS J*>U- .L^L-I iiaij L_-~J -ii Lo L» 
^ ^l jlUl ia>^ LT lili .Uu^jJl 
^ Lc. L» jSC*» o j^-* - ^^** 1 (J^" t -'P j^*- 4 
.Uly ^Jl t LiSfl oyj Llj iSLkJl J^LT .iJLIi 
(jJLSl J^LJl iJu 0V 
jiUJl ^ii . dAJi Js- VLt* _> jVl j^ As^iLl »J jJl 
t^L^aJl ULa ajIju -Up tSL-lil <ui J.,^->ti^ <^JtJl 

^j j i,r-iTi olj_^LS\JJ . k.i j . 1 g 1* ll a ,T.1| c-^Jaj 

Ajli «.3JL'La aSLL ji^^l IJL* jVj .^lakvsVI 

tLi_jp| j^»J t j-jaJl ^j-a ^^^',5 'Li jj jjiJl J^jjy* 

. jL><jijVl jL$C 
SLjLS Jjv jl .^jJl Hpr j OVI ij-^J 

jL>-l Lip J^t.^ll l) jSC^- j aJ^^LJJ 
JSLio iajj^iJl ^> Vj ! >VI jIUJI OLSC 
t j-iJl <^_i Jj1*^j ^Jo j*1J jLgj>- 4Ja-*<l jj. jSC*» 
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TSj&u jtyj jjball ±&.J* 



Oj£j 01 Lajl c-j>o ^Jj cii);'^ JujJiJj 

i-* j5s*il aJLjJI sJL» Juu . L/ j£** AiUail jJ 
otJULSl Ljb iJL^j Jju^ ^r,, t^jU 

cO^I * jJaJl CjL>- 4j>*Iu*j . u-»Li jj jjjJl Olj-Laj 
^■jwjj uS jliJl ^J>j»tT ; i«i LjS" ;^,>.o.,.T.Jl uj j-»tf 
Oli j-i c/j^ LJ ^juj J c'L> . JjVl 

. Jjl 4 : ;i:ll <uij _is cJlS" Olj Li!U£ L-i U 
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4jL» OjIJuL» i_iUa*jL; ^LaJl jjL-Jl iJl* ^JalSj 
oL^^ljwi^ljjij^j^j . jL$C* Jl j J jjjLu j 
^ iliojdl L^JI -jLa tSj>- jUil oOjJbJl 
gjj^J.1 jLxil ^53 .JjjJI Jl J^LJl SjjJI 
e£jj~- t<b'L>Jl ^jLp J-o-*^ J^ *j. J&r y V tS-J' 
J j^-w epL. tyr i J5" oV t jL.JJl J j-__>- Jl 
t JjLalL . t ljjJl Jl oj j*Jl ^jj^l JLp J^LxJL 
tLp^J.1 jLC Jl JlsCil L_i-_J ^Jl 2LjiLi-l jL» 
V tLJs . J^*ii L/f lJJlJI Jl t_j Lj'I Jl j^J-j" 
t^J>Lll Jl oj j*JJ tlj j-Jl i_j jiiJl jLo.».:..,ul L_S\jt 

tL?-l ^Ja jn lAjLJi^- Ju jj (JjjJl £- jLjl ^j-iiL 

^jviJ jl L>jj . L5L_u»-l ^^t-^ajj -*jJL>- Li jL*7 
4»,.Ml j> jiJ ^j^- tj^ Jl j>c- jjLJl 5Jl -L~_J _j> 
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.Ig-Li-tJ ^JJ -JVI »J-* - llg,..iii ^jP *il__J 

L c^jwL j^ijl i * a j_Niw« SJl JiT ^yS j ;j 

j^-Jj^jL* jl a^T.w oL^>u 4j»J_JI »_L* C— Jlj 

SjLJ-I)) o oleo L J js- Stephen Hawking 

.((--j»-jJjjj J SCjl 
jjjis oliLt.:5"l -Japl jli iJjLaiL 
aL>__II ((oLijLiil )) a^JIj <»Jip j-gisl 4j_IpL*-j 
^ »-L_«il j ,^J*S\ JLJ-I oL_f J45 __« 

j_-jLJJl 9 JLIjj C-~_; JLaJ .jjJLjjiJl 
-T Ijil OL t (J __K*Jl _1p t ^L$_C_J_f j jjjis L$J 

tLj^iJl _-<-__> _J->- oS^y. 'LiLp ( J-*-l_' <^Lv JiS" 

J,l c V g ..._>; -^SC__/}_xJl 

jll__j)) (i JlJ-l jj~ L_f c-L?-j J ; a: .,_.- Jl ,j_Jj 
Borges i^/^^-jjj. oL_f ^i ((4^j_J__il cJJLJl 
.Fictions ((-JL>- _j___ai)) o (*j~-jil 
L-Jp Jii . jJ-I I Jl* Jup ^j jUl _iij Ji Lc. Jj 
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^JI SjU.1» ^ SaUail SjU.1 OL olijJLl tlijJ 
J^Jl OICL jf c JU-I j .((^U.1 ^jJl Jl J5 jju 
i<UiL«Jl 4 : ..-;ll J 5 *-!^ ^ijjj^ jy^ .»ll 
ojL« 0 jS^J 01 t,j-«^Jl j>p yLJl oVI 
0*>L>*iil deux mondes OliUJl 0 .SjUi* 
U^ Jb-I j JS" yji 01-UJl _j OUj-i cSj^ ^JJ 
J^l jp Jjaij Ui^ Ji t _^5U ^^Lu. ^yj 

.UjSCj Sj jj>- jll SjUiil SjUIj SjUI 
jy~j&> ^c-o— t5 JUl jj» IJL* J*J_) 

Jl Uaju. S.iUail ol >>«ilj OljS»*il £33 

jAj ^O j^Jl ^UJI Jl iS^y. ^ tSJUati oliU^ 
. 1998 J jj»-L AiLi^l ^ JJl _^Sfl 

^ jSC*il £-jsjJl 4—>l j.3 01 £->ljJl ^j 

o"VLsf ^ j-j" js- l-J j»JJj . Jju. <uj ji ,j-«jiJ 
JtSl t$Jb-l t JjJ^-r jj* U JS" ^JLc- A^oLil «•Lj_ J iJl 
. 0jvsL»il tlj j-jjJl ^jt LL j-iJ oLjoI jjJl 
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A 


Accĕlĕration 


r--> 


Accĕlĕrateur 




Anti-matiĕre 


o-jLa* 5.jL« 


Anti- 




ĕlectron 




Anti-gravitĕ 


d^Ljaji <LoL>- 


Anti-particule 




c 


Coordonnĕes 




Clonage 




Copie 




E 


Espace -temps 




Euthanasie 




Encodage 




F 


Fibres optiques 
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G 


Gravitĕ rĕpulsive 




L 


Linĕaritĕ 




P 


Paradoxes 




R 


Rotation 


jljj^ 


U 


Paradoxes 


j jS" 
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Kip Thorne, Trous noirs et distorsions du 
temps : Uhĕritage sulfureux d'Einstein, 
prĕface de Stephen Hawking, Flammarion, 
coll. « Champs », 2001 . 
- Gabriel Chardin, L' anti-matiĕre , Flammarion, 
coll « Dominos », 1996. 
J. Richard Gott, Time travel in Einstein 
universe : The physical possibilities of travel 
through time, Houghton Mifflin, 2001. 

gr<-l*Jl JUt-i ~ 

^ys j»_2J»tJ (L> jH 3jJl£ jjP , /!> ■ JL?- 

Ijjk ^ ^jj jl L-iCc.j .^yJl j>P ji.J\ 

\yy^ jl_J ^JI ^l J_*ll t jLU^I 
Dan Simmons, Hypĕrion et a sa suite, 
Endymion, Robert Laffont, coll. « Ailleurs 
et Demain », 1999. 
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Histoires de voyage dans le temps, coll. « La 
Grande Anthologie de la science-fiction », 
le livre de poche, 1997. 

Jl J-«->Jl IJL* JLij 

- Tim Powers , Les voies d 'Anubis, Jai lu , 1 998 . 
JLj^I tLijl ^LkIaL) t jZ> Ot jj^C Loi" 
J j^- a-bJjt- I . /jTi ^Jl ^jA^-jji 
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y*— 51 J> 

ihjjA ihJ c > JM^ ^ ^SJ tt/ JLJl JUU 
dJJ-Jl _j *L_j_jiJl Ji* tAP a-*Ip o^L^jT. 

^ jjs jil IJU i_Jjil ^JLp Jij . Ur _J j-JI j 
4 : .i,.:1| Aj >j Jt>l>- ^ j 4_lajl jSJl *L_j_jiJl jjl?: * 
j ^l LLaJL U<ajl Lm>jLi..>..< t^jjlr.t^y 

US" .<_£ _^-t |ll jP ^ J jL-J^I ^Uas^l 4JISJ1I 

i^JLJl j^jALjLJJ aL...j ^ ^J-coJl I 4*1* (_jU^J 

j ) (U*JL»> jL\- )) J-JL~« Jj, tgr J-Jl JUU 

i^iCj <LLc- ^jiJst L. j*j . a*JI Jl ((i_JL>_Jl ^Mi 
• JUU i_JLJl «LijJl L_-j i<L->L>- 
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<?jt jll jLJl L&Ja 



APj^_4 oLi^laJ W„m.,,U K^a j£- JM>- ^jaj 

tOj^UM) j l i ^ .^j jj& jjJJl y. $:.; 

oJ^ll oL>VjJl) jLlj-i OjJ^ 
oL-ljjJl oJL* jl; ^jJjil ^.:.:.t., t(4-Ssj ^-.^1 
yLJl 2jL-w« ^j^a^o ojJjcu JjLsl c^>*ii 
LSj j^iJ oLJ jjJl j\S"f <_£J->~I o-l^Lij jr*j^ 
ULd.1 LU-JiJl oJLST lilj .Sj^Uil ^LijjjiJl ^ 
j[S i_jLS' ^UiaI c 1»."" Ji ^^sLllj J.,.L:...mIL; 
Uajj ol-C-i IgjLs ^jaJ-jjj ^:,T:^-jVl ^J-JJ Ji* 

■^Js- oU^V VL4 
UIj^» j"VI J^- (Jl JJi> ^j-J* y j& j-«-«Jl 

.^JLJl jL-t-l ^L^J Sl_-L- 
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djj^iaJ Lc J* T <L^gJjf 
■* ■ * j-o LHUaJl .^s-SJ' ^w^j 

*»■->■ II QjQ,!a -* ■ I ■ ■■ M ■< I * ^ T [ 



d___'^_JI L_i_fl jw3 j S j lj tl 

I <a_£ l j Hj £l oJ_>Vl$ 

J-J; ^ l *_jl -J^-O OJ Cr fO >jj 

*JL> JL_Lo! 4-o -uUig 

J__i_>5 .jjjL-ojjLij ij — jjiJ 



\ kelab.me J 

?0 
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jj k-- -._* J— O ^ I j*-- i^i— Jg U £-JI__- _. — _-g . I >^J^ * ■ TTg _J — LdJlg 

Af i^^jJaJ J_d-__> j—og ^L- aJai1fr£Jl *:l___->*--Jl 

jl ;VI --J ■* ■ ;l ^ _£_fc_0£ »■ i: ...VI I jl ^ . I ■ >■ *l Liua.pLi,,iii O 
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